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STRUCTURAL DYNAMICS DIVISION

RESEARCH AND TECHNOLOGY ACCOMPLISHMENTS FOR F.Y. 1992

AND PLANS FOR F.Y. 1993

SUMMARY

The purpose of this paper is to present the Structural Dynamics Division's research
accomplishments for F.Y. 1992 and research plans for F.Y. 1993. The work under each
branch/office (technical area) is described in terms of highlights of accomplishments during the
past year and plans for the current year as they relate to 5-year plans and the objectives for
each technical area. This information will be useful in program coordination with other
government organizations, universities, and industry in areas of mutual interest.

ORGANIZATION

The Langley Research Center is organized into directorates as shown in figure 1, page
32. Directorates are subdivided into divisions and offices. The Structural Dynamics Division of
the Structures Directorate consists of five branches and one office as shown in figure 2, page
33. This figure lists the key people in the Division which consists of 77 NASA civil servants
and 12 U. S. Army civil servants of the Vehicle Structures Directorate, U. S. Army Research
Laboratory, collocated at the Langley Research Center. Phone numbers for each organization
are given. Each branch/office represents a technical area and focused activities under the
technical areas are shown in the figure.

The Division conducts analytical and experimental research in six technical areas to meet

technology requirements for advanced aerospace vehicles. The research thrusts are given in
figure 3, page 34. The Configuration Aeroelasticity Branch (CAB), Unsteady Aerodynamics
Branch (UAB), and Aeroservoelasticity Branch (ASEB) all work in the area of the prediction
and control of aeroelastic stability and response of aircraft, rotorcraft, and space launch
vehicles. The Landing and Impact Dynamics Branch (LIDB) conducts research on the crash
dynamics of aircraft structures and on the technology for improving the safety and handling
performance of aircraft during ground operations. The Spacecraft Dynamics Branch (SDB)
conducts research on the prediction and control of the structural dynamic response of complex
space structures. The Interdisciplinary Research Office (IRO) develops methodology for
aerospace vehicle design with emphasis on providing analytical methods to quantify
interactions among engineering disciplines and to exploit this interaction for improved
performance.



FUNCTIONAL STATEMENT

The Division conducts analytical and experimental research in the areas of configuration
aeroelasticity, aeroservoelasticity, unsteady aerodynamics, impact and landing dynamics,
spacecraft dynamics, and multidisciplinary design to meet technology requirements for
advanced atmospheric and space flight vehicles. It also develops analytical and computational
methods for predicting and controlling aeroelastic instabilities, deformations, vibrations, and
dynamic response. The Structural Dynamics Division investigates the interaction of structure
with aerodynamics and control systems, landing dynamics, impact dynamics, and resulting
structural response. It evaluates structural configurations embodying new material systems
and/or advanced design concepts for general application and for specific classes of new
aerospace vehicles. The Division develops methodology for aircraft and spacecraft design
using integrated multidisciplinary methods. A broad spectrum of test facilities to validate
analytical and computational methods and advanced configuration and control concepts are
used. Research techniques to demonstrate safety from aeroelastic instabilities for new
airplanes, helicopters, and space launch vehicles are developed. Test facilities include the
Transonic Dynamics Tunnel, the Helicopter Hover Facility, the Impact Dynamics Research
Facility, the Aircraft Landing Dynamics Facility, the Space Structures Research Laboratory,
and the Structural Dynamics Research Laboratory.

FACILITIES

The Structural Dynamics Division has four major facilities available to support its research
as shown in figure 4, page 35.

The Transonic Dynamics Tunnel (TDT) is a maximum Mach 1.2 continuous flow, variable
pressure wind tunnel with a 16-square-foot test section which uses either air or heavy gas
(R-12) as the test medium. The maximum Reynolds number obtainable is approximately 10
million per foot in heavy gas and 3 million per foot in air. The TDT is a unique "National" facility
that is used almost exclusively for testing of aeroelastic phenomena. Semi-span, sidewall-
mounted models and full-span, sting-mounted or cable-mounted models are used for
aeroelastic studies of fixed wing aircraft. In addition, the Aeroelastic Rotor Experimental
System (ARES) test stand is used in the tunnel to study the aeroelastic characteristics of rotor
systems. The Helicopter Hover Facility (HHF), located in an adjacent building, is used to set
up the ARES test stand in preparation for entry into the TDT and for rotorcraft studies in hover.
The TDT Data Acquisition System is capable of simultaneous support of tunnel tests, HHF
tests and model checkout in the Calibration Laboratory. A major facility upgrade to improve
the heavy gas reclamation system is in the final stages of checkout. Normal operations using
air have resumed, as have limited operations using heavy gas.

The Aircraft Landing Dynamics Facility (ALDF) is capable of testing various types of
landing gear systems at velocities up to 220 knots on a variety of runway surfaces under many
types of simulated weather conditions. The ALDF consists of a 2800-foot-long rail system, a
2.2 million pound thrust propulsion system, two test carriages, and an arresting system. Test
articles can be subjected to vertical loads up to 65,000 pounds and sink rates up to 20 feet per
second on a variety of runway surface conditions. The facility provides for testing at speeds
and sizes pertinent to large transport aircraft, fighter aircraft, and the Space Shuttle Orbiter. A
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minor construction of facility activity in F.Y. 1992 added a second high-pressure water pump to
the propulsion system that has significantly reduced the recycle time between test runs and
enhanced the productivity of the facility.

The Impact Dynamics Research Facility (IDRF), which was originally used by the
astronauts during the Apollo program for simulation of lunar landings, has been modified to
simulate crashes of full-scale aircraft under controlled conditions. The aircraft are swung by
cables from an A-frame structure which is approximately 400 feet long and 230 feet high. The
impact runway can be modified to simulate other ground crash environments, such as packed
dirt, to meet a specific text requirement. Each aircraft is suspended by cables from two pivot
points 217 feet off the ground and allowed to swing, pendulum-style, into the ground. The
swing cables are separated from the aircraft by pyrotechnics just prior to impact. Length of the
swing cables regulates the aircraft impact angle from 0 degrees (level) to approximately 60
degrees. Impact velocity can be varied to approximately 65 mph (governed by the pullback
height). Variations of aircraft pitch, roll, and yaw can be obtained by changes in the aircraft's
suspension harness attached to the swing cables. Onboard instrumentation data are obtained
through an umbilical cable which is hard-wired to the control room at the base of the A-frame.
Photographic data are obtained by onboard, ground-mounted, and A-frame mounted cameras.
Maximum allowable weight of the aircraft is 30,000 Ibs.

Building 1293 facilities are uniquely designed to carry out structures-related research on
spacecraft and aircraft structures, equipment, and materials. Recent emphasis on testing
capability at low frequencies has allowed the characterizing of spacecraft and high-gain control
systems needed to meet pointing requirements. The heights of the labs allow properly
suspended models with reduced effects of gravity and the sizes allow simultaneous tests of
large structures over long periods of time. It offers controlled environmental conditions
including acceleration, thermal radiation, vacuum and several shaker types for actuation and
excitation. All areas are television monitored and hard-wired to data acquisition and
processing equipment. A 256-channel digital data acquisition and signal processing system is
available with on-line test controllers. A variety of auxiliary data logging and signal processing
equipment is also available.

The 16-meter Thermal Vacuum Chamber has a 55-foot diameter cylinder, a 64-foot-high
hemispherical dome peak, a flat floor and a rotation option of a centrifuge arm or table. The
centrifuge is rated at 20,000 Ibs, up to 100g, with a 50,000-force-lb capacity and a maximum
allowable specimen weight of 2,000 Ibs. Access is by two doors; one 18 x 20 feet. A vacuum

of 100 microns Hg can be achieved in 160 minutes. Temperature gradients of 100°F are
obtained from 250-ft2 of portable radiant heaters and liquid nitrogen cooled plates.

The Structural Dynamics Research Laboratory is dominated by a 38-foot-high backstop.
Test areas available around this backstop are 15 x 35 x 38 feet high and 12 x 12 x 95 feet
high. Access to the entire laboratory is provided by spiral stairs, ladders, and platforms.

The Space Structures Research Laboratory (SSRL) is a large open room of 5200-ft2.
There is a work platform 73 feet above the floor with removable decking and a 20 x 30 x 40-
foot free-standing gantry for isolated suspension. In one corner there is a vertical 12 x 12-foot
backstop. There is a full environmental control system and many platforms accessible for
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viewing and instrumentation. The control room contains a state-of-the-art data acquisition
capability and overlooks the laboratory. The laboratory houses a 1/10-scale space station like
model and controls-structures interaction models, including the 55-foot-long Controls-
Structures Evolutionary Model, for performing structural dynamics and controls research of
space structures.
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F.Y. 1992 ACCOMPLISHMENTS

Configur_,ti0n AQr0elasti¢ity Branch
(Pages 37-61 )

The Configuration Aeroelasticity Branch conducts research (fig. 5) to develop the
aeroelastic understanding and prediction capabilities to apply new aerodynamic and structural
concepts to future flight vehicles and to evaluate the aeroelastic characteristics of new rotor
systems. Present activities and future plans for the major activity areas are presented in
figure 6.

The Configuration Aeroelasticity F.Y. 1992 accomplishments listed below are highlighted
in figures 7 through 16.

Aircraft Aeroelasticity:
- Boeing 777 Flutter Model Test Completed in TDT
- NASP Flexible Fuselage Model Ready for Testing in TDT

Benchmark Models:

- Unsteady Pressure Distributions Measured During Flutter of Benchmark-Model-
Program NACA 0012 Model

- Unsteady Pressure Distributions Acquired During Flutter on the Benchmark
Supercritical Wing

- Flutter and Flow Characteristics of an Exploratory HSCT Model Determined in TDT

Rotorcraft Aeroelasticity:
- TDT Tests Conducted to Evaluate British Rotor Blade Technology
- TDT Tests Conducted to Evaluate Langley-Designed Slotted Airfoils for Use on

Helicopter Rotors

TDT Facility Operations:
- Modifications Completed for the Transonic Dynamic Tunnel Heavy Gas Reclamation

System
- Hardware Improvements to Transonic Dynamic Tunnel Data Acquisition System

Video Dynamic Deformation Measurement System Ready for Use in TDT

Unsteady Aerodynamics Branch
(Pages 63-83)

The Unsteady Aerodynamics Branch (UAB) conducts research (fig. 17) to develop,
validate, and apply computational fluid dynamics (CFD) methods for predicting steady and
unsteady aerodynamic airloads on and the aeroelastic characteristics of flight vehicles. The
Branch also supports research activities aimed at generating experimental databases needed
for validating computational methods. In the past, research topics reflected a major emphasis
on accurately predicting transonic aeroelastic phenomena, such as wing flutter-speed dip and
aileron buzz. Recently, research in the following areas has become important areas of
investigation: dynamic vortex-structure interactions, dynamic loads, buffet prediction, and
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hypersonic aeroelasticity. Emphasis on these latter topics is due to the emerging importance
of the high-angle-of-attack maneuvering flight capabilities demonstrated by a number of current
high-performance aircraft and to the development of the National Aero-Space Plane. The UAB
is developing CFD methodologies based on a number of mathematical formulations to predict
this wide range of unsteady aerodynamic and aeroelastic phenomena accurately and
efficiently. The mathematical formulations used as the basis of CFD methods developed in the
UAB include transonic small disturbance potential, Euler equations, and thin-layer and
Reynolds-averaged Navier-Stokes equations. The Branch's research program is outlined in
figure 18 which shows the 5-year plan for the development of aerodynamic analysis methods
and aeroelastic prediction techniques. The plan also provides for UAB participation in the
Structural Dynamics Division's Benchmark Models Program. This experimental effort includes
participation in tests in the Transonic Dynamics Tunnel and in pre-test and post-test

computational analysis.

Figures 19 through 26 highlight the UAB F.Y. 1992 accomplishments that are listed
below.

Transonic Small Disturbance Potential Methods:

Symmetric and Antisymmetric Flutter Boundaries Predicted for the AFW Wind-Tunnel
Model

Transonic Shock Oscillations Calculated with a New Interacting Boundary Layer
Coupling Method
Flexible Swept Vertical Surface Capability Added to CAP-TSD Aeroelasticity Code

Euler/Navier-Stokes Methods:

Subsonic/Transonic Flutter Boundary Computed Using Unsteady Euler Aerodynamic
Method

Two-Dimensional Gridless Euler/Navier-Stokes Solution Algorithm Developed
Three-Dimensional, Unstructured-Grid Euler Method Used for Time-Marching

Aeroelastic Analysis
Euler Flutter Analysis of a Complex Aircraft Configuration Demonstrated Using
Unstructured-Grid Methodology
Simulation of Tail Buffet Using Delta Wing/Vertical Tail Configuration

Aer08erv0elasticitv Branch
(Pages 85-113)

The Aeroservoelasticity Branch (fig. 27) conducts research to enhance/develop:
methodologies for integrating structures, aerodynamics, and controls disciplines into an
aeroelastic/aeroservoelastic preliminary design capability; algorithms for designing control
systems to prevent undesirable structural and aeroelastic response; nonlinear modeling and
analysis methods for accurately determining the aeroelastic characteristics of flexible fixed
wing and rotorcraft vehicles in all flight regimes including controlled aircraft undergoing severe
thermal changes; hardware and software to conduct near real-time simulation of
aeroservoelastic interactions; digital controllers that include multi-input/multi-output,
multifunction, multirate, and adaptive control capabilities; and concepts that employ
adaptive/smart materials for improving aircraft performance and alleviating undesirable
aeroelastic response. In addition, the Branch assists in performing wind-tunnel experiments
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for obtaining data to validate new and improved methodologies and provides technical support
for NASA and DoD projects to insure that the flight envelope of the vehicle is free of unstable
aeroelastic phenomena or adverse structural response. The scope of this work is more
explicitly identified in figure 28 which shows the Branch's 5-year plan.

The Aeroservoelasticity Branch F.Y. 1992 accomplishments listed below are highlighted
in figures 29 through 41.

Design Methodology:
Multirate Flutter Suppression System Developed for the BACT Wind-Tunnel Model
Stochastic-Simulation-Based Method for Predicting Time-Correlated Gust Loads
Validated

Hypersonic Aeroelastic Analysis Method Developed Using Steady CFD Aerodynamics
Implicit Shear Deformation Model Improves Aeroelastic Analysis Capability
Flutter Suppression Control Laws Designed for the BACT Wind-Tunnel Model Using
Classical, LQG, and Hoo Methods

Analysis Methodology and Applications:
Digital Controller Systems Developed for the BACT Program
Aeroelastic Characteristics of NASP Demonstrator Model Identified
Results of Aeroelastic Analysis of Mach 2.4 HiSAIR Configuration
Aeroelastic Analysis Tools for HiSAIR Project Verified on Simple Multidisciplinary
Design Problem
Technique to Extract "Unaliased" Power Spectra from Aliased Power Spectra

Active Controls Using Adaptive Materials:
Buffet Load Alleviation Accomplished Via Piezoelectric Actuation
Active Control of Panel Flutter Using Piezoelectric Actuators Studied
Small, Shape Memory Alloy Actuators Suppress Panel Flutter

L_,n_ing and Imoact Dynamics Branch
Pages (115-133)

The Landing and Impact Dynamics Branch (fig. 42) operates two major facilities, the
Aircraft Landing Dynamics Facility (ALDF) for experimental studies of aircraft landing gear
systems and components and the Impact Dynamics Research Facility (IDRF) for experimental
investigations of the crash response characteristics of metal and composite airframe
structures. The landing dynamics group is responsible for research activities aimed at
improving the technology needed to assure safe, economical all-weather ground operations
and the development of new landing gear systems and concepts. The group coordinates in-
house research, grant activities, contract efforts, and joint government-industry programs to
achieve the required technology. The impact dynamics group conducts research to obtain a
better understanding of the response characteristics of composite airframe components
subjected to crash loads and to develop and enhance analytical tools for predicting these
response characteristics and for providing insights into the fundamental physics associated
with the structural behavior of these airframe components. In-house research, grant efforts,
and contract activities are utilized to develop structural concepts that exhibit superior energy
absorption characteristics that result in reduced crash loads and to develop the technology
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needed to analyze these structural responses. The work of the Landing and Impact Dynamics
Branch is more clearly identified in figure 43 which shows the 5-year plan for the disciplines in
both landing and impact dynamics along with their expected results.

The Landing and Impact Dynamics Branch F. Y. 1992 accomplishments are highlighted in
figures 44 to 51.

Impact Dynamics:
Accurate Structural Failure Prediction of Composite Fuselage Components Under Crash
Loads-An Analytical Challenge
Curved Beam Finite Element Developed for Optimization Process of Composite Aircraft
Fuselage Frames
Energy Absorbing Beam Design for Composite Aircraft Subfloor
High Failure Loads of Metal Subfloor in a Composite Fuselage Emphasizes Need for
Energy Absorbing Structure

Landing Dynamics:
New Tire-Contact-Friction Algorithm Correlated with Space Shuttle Nose-Gear Tire
Experimental Results
F-4 Bias-Ply and Radial-Belted Tire Stiffness Values Defined
Landing Systems Research Aircraft Developed
Cornering Performance of 40 X 14 Bias-Ply and Radial-Belted Tires Evaluated on Wet
Concrete Paver Block Surfaces

Spacecraft Dynamics Branch
(Pages 135-175)

The Spacecraft Dynamics (fig. 52) conducts research and focused technology studies on
the dynamics and control of flexible spacecraft. Analysis and prediction methods are
developed for application to such spacecraft as Space Station Freedom, Earth-observing
science platforms, and Solar System exploration spacecraft. Methods are verified and
improved through experiments on research hardware. Advanced test and data analysis
methods for improving the accuracy and speed of ground tests to simulate on-orbit behavior
and/or to verify spacecraft and spacecraft components for flight are also developed.
Significant ongoing emphasis is on interdisciplinary experiments on the control of flexible
spacecraft, scale models for spacecraft development, and advanced algorithms for system
identification. On-orbit verification methods and experiments are a long-term goal. The scope
of this work is more explicitly identified in figure 53 which shows the 5-year plan of the
organization's major thrusts and their expected result.

The Spacecraft Dynamics Branch F.Y. 1992 accomplishments listed below are
highlighted in figures 54 through 71.

Controls-Structures Interaction:

Passive Damping Stabilization of Active Controller
Second-Order Observer Based Control
Magnetostrictive Strut Concept Developed Under Phase 1 SBIR
CEM Phase-1 Vibration Suppression Using Piezoelectric Actuators
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Performance Improvements for the CSI CEM Real-Time Control System
MACE System Identification Studies
Real-Time Simulation Evaluation of RMS Active Damping Augmentation
Upper Atmosphere Research Satellite (UARS) Disturbance Experiment

Dynamic Scale Model Technology:
Test/Analysis Correlation of DSMT HMB-2R Space Station Model Completed
Eight-Bay Damage Location Tests Verify New Eigenstructure Assignment Method
Space Station Freedom Pre-lntegrated Truss Scale Model Design Study Initiated
Suspension Devices Evaluated For Spacecraft Ground Vibration Testing

Space Station Freedom - Modal Identification Experiment:
Laboratory Simulations Demonstrate Feasibility of On-Orbit Modal Test
Model Reduction Procedures Implemented for Test/Analysis Correlation
Early Modal Identification Experiment Feasibility Determined

Base Research:

Flexible Manipulator Testbed Installed
A Newly Developed Observer/Controller Identification (OCID) Technique Successfully
Predicts Aircraft Flutter From Stable Closed-Loop Tests

Adaptive Control Using On-Line Identification Demonstrated

Inte rdisciDli nary Research Office
(Pages 177-199)

The Interdisciplinary Research Office (fig. 72) conducts research aimed at the
development, validation, and application of analytical methods for aerospace vehicle design
wherein the interactions among all appropriate disciplines are accounted for and exploited.
The research program includes the areas of optimization methods, sensitivity analysis,
approximate and design-oriented analysis, proper accounting for discipline coupling in analysis
and design, strategies for decomposing large complex problems into manageable
subproblems, and applications to problems of agency interest. The F.Y. 92 application areas
include high-speed aircraft, rotorcraft, and controls-structure integrated design of spacecraft.
The 5-year plan for the research program shown in figure 73 indicates the future activities and
their goals.

The Interdisciplinary Research Office F.Y. 1992 accomplishments listed below are
highlighted in figures 74 through 81.

Optimization Methods:
Optimization of Wing Bending Material with Flexible Loads for HiSAIR Mach 2.4
Transport Configuration
Aerodynamic Sensitivity Analysis Using Automatic Differentiation Demonstrated for
Helicopter Rotors
Active Strut Placement Tested on CSI Evolutionary Model
Controlled Space Structure Design Demonstrates Strengths of Global Sensitivity

Approach
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- Automatic Differentiation Adapted and Evaluated as a Tool for Engineering Design
- Neural Nets Offer Significant Payoffs in Optimization
- Aerodynamic Performance of Rotor Blades Computed Using Neural Networks
- Application of a Neural Network as a Potential Aid in Predicting NTF Pump Failure
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PUBLICATIONS

The F.Y. 1992 accomplishments of the Structural Dynamics Division resulted in a number
of publications. The publications are listed below by organization in the categories of journal
publications, formal NASA reports, conference presentations, contractor reports, technical

briefs, and patents.

Division Office

Journal Publications:

, Doggett, Robert V., Jr.; and Soistmann, David L.: Low-Speed Characteristics of Some
Simple Low-Aspect-Ratio Delta Wing Models. Journal of Aircraft, Vol. 29, March-April
1992, pp. 273-279.

Formal NASA Reports:

. Wynne, Eleanor C.: Structural Dynamics Division
Accomplishments for F.Y. 1992 and Plans for F.Y. 1993.

1992, 210 p.

Research and Technology
NASA TM-1 04188, January

Conference Presentations:

, Abel, Irving: Research and Applications in Structural Dynamics and Aeroelasticity.
Presented at 18th ICAS Congress, September 20-25, 1992, Beijing, China. ICAS Paper
No. 92-6.3.1.

Configuration Aeroelasticitv Branch

Journal Publications:

. Cole, Stanley R.; and Henning, Thomas L.: Dynamic Response of a Hammerhead
Launch Vehicle Wing-Tunnel Model. Journal of Spacecraft and Rockets, Vol. 29, No. 3,
May-June 1992, pp. 379-385.

. Cole, Stanley R.:
Rectangular Wing.
768-773.

Aeroelastic Effects of Spoiler Surfaces on a Low-Aspect-Ratio
Journal of Aircraft. Vol. 29, No. 5, September-October 1992, pp.

Formal NASA Reports:

. Rivera, Jos_ A. Jr.; Dansberry, Bryan E.; Durham, Michael H.; Bennett, Robert M.; and
Silva, Walter: Pressure Measurements On A Rectangular Wing With A NACA 0012

Airfoil During Conventional Flutter. NASA TM 104211, July 1992.

11



. Seidel, David A.; Sandford, Maynard C.; and Eckstrom, Clinton V.: Unsteady-Pressure
and Dynamic-Deflection Measurements on an Aeroelastic Supercritical Wing. NASA
TM 4278, December 1991.

, Wilkie, W. Keats; Langston, Chester W.; Mirick, Paul H.; Singleton, Jeffrey D.; Wilbur,
Matthew L.; and Yeager, William T. Jr.: An Experimental Study of the Sensitivity of
Helicopter Rotor Blade Tracking to Root Pitch Adjustment in Hover. NASA TM 4313.
AVSCOM Technical Report 91-B-017, December 1991.

Conference Presentations:

, Dansberry, Bryan E.: Dynamic Characteristics of a Benchmark Models Program
Supercritical Wing. Presented at the AIAA/ASME/ASCE/AHS/ASC 33rd Structures,
Structural Dynamics, and Materials Conference, Dallas, Texas, April 13-15, 1992. AIAA
Paper No. 92-2368.

10. Rivera, Jos_ A., Jr.; Dansberry, Bryan E.; Bennett, Robert M.; Durham, Michael H.; and
Silva, Walter A.: NACA 0012 Benchmark Model Experiment Flutter Results With
Unsteady Pressure Distributions. Presented at the AIAA/ASME/ASCE/AHSIASC 33rd
Structures, Structural Dymamics, and Materials Conference, Dallas, Texas, April 13-15,
1992. AIAA Paper No. 92-2396.

11 Rodgers, John P.: Aerothermoelastic Analysis of a NASP-Like Vertical Fin. Presented
at the AIAA/ASME/ASCE/AHS/ASC 33rd Structures, Structural Dynamics, and Materials
Conference, Dallas, Texas, April 13-15, 1992. AIAA Paper No. 92-2400.

Contractor Reports:

12 Young, M. I.: Structural Dynamics and Vibrations of Damped, Aircraft-Type Structures.
(NASA-18585 Vigyan, Inc.) NASA CR 4424, February 1992, 128 p.

Other Reports:

13. Kehoe, Michael W.; and Ricketts, Rodney H.: Getting Up to Speed in Hypersonic
Structures. Aerospace America, September 1992.

Unsteady Aerodyn_mi_ Brpn_h

Journal Publications:

14. Batina, J. T.: Implicit Flux-Split Euler Schemes for Unsteady Aerodynamic Analysis
Involving Unstructured Dynamic Meshes, AIAA Journal, Vol. 29, No. 11, November
1991, pp. 1836-1843.

15. Batina, J. T.: A Finite-Difference Approximate-Factorization Algorithm for Solution of the
Unsteady Transonic Small-Disturbance Equation, NASA TP 3129, January 1992, 36 p.

12



16. Batina, J. T.: "Implicit Upwind-Euler Solution Algorithms for Unstructured-Grid
Applications," Com outational Fluid Dynamics '92, Elsevier Science Publishers B. V.,
Amsterdam, The Netherlands, 1992.

17. Kleb, W. L.; Batina, J. T.; and Williams, M. H.: Temporal Adaptive Euler/Navier-Stokes

Algorithm for Unsteady Aerodynamic Analysis of Airfoils Using Unstructured Dynamic
Meshes, AIAA Journal, Vol. 30, No. 8, August 1992, pp. 1980-1985.

18. Rausch, R. D.; Batina, J. T.; and Yang, H. T.: Spatial Adaptation of Unstructured
Meshes for Unsteady Aerodynamic Flow Computations, AIAA Journal, Vol. 30, No. 5,
May 1992, pp. 1243-1251.

19. Robinson, B. A.; Batina, J. T.; and Yang, H. T.: Aeroelastic Analysis of Wings Using the
Euler Equations With a Deforming Mesh, Journal of Aircraft, Vol. 28, No. 11, November
1991, pp. 781-788.

Formal NASA Reports:

20. Batina, J. T.: A Gridless Euler/Navier-Stokes Solution Algorithm for Complex Two-

Dimensional Applications, NASA TM 107631, June 1992.

21. Howlett, J. T.: Calculation of Unsteady Transonic Flows With Mild Separation by
Viscous-lnviscid Interaction, NASA TP 3197, June 1992, 37 p.

Conference Presentations:

22. Batina, J. T.; Lee, E. M.; Kleb, W. L.; and Rausch, R. D.: Unstructured-Grid Methods
Development for Unsteady Aerodynamic and Aeroelastic Analyses. Presented at the
AGARD Structures and Materials Panel Specialist's Meeting on Transonic Unsteady

Aerodynamics and Aeroelasticity, San Diego, California, October 9-11,1991.

23. Batina, J. T.: A Fast Implicit Upwind Solution Algorithm for Three-Dimensional
Unstructured Dynamic Meshes. Presented at the AIAA 30th Aerospace Sciences
Meeting, Reno, Nevada, January 6-9, 1992. AIAA Paper No. 92-0447. Also available
as NASA TM 104186, December 1991.

24. Batina, J. T.: CFD Methods Development Considerations for Unsteady Aerodynamic
Analysis. Presented at the Workshop on Computational Aeroacoustics, NASA Langley
Research Center, Hampton, Virginia, April 6-9, 1992. Also available as NASA TM
107644, July 1992.

25. Batina, J. T.: Progress in Unstructured-Grid Methods Development for Unsteady
Aerodynamic Applications. Presented at the 7th IMACS International Conference on
Computer Methods for Partial Differential Equations, Rutgers University, New
Brunswick, New Jersey, June 22-24, 1992. Also available as NASA TM 107643, July
1992.
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26. Batina, J. T.: Implicit Upwind-Euler Solution Algorithms for Unstructured-Grid
Applications. Presented at the First European Computational Fluid Dynamics
Conference, Brussels, Belgium, September 7-11, 1992. Also available as NASA TM
107645, July 1992.

27. Bennett, R. M.; Eckstrom, C. V.; Rivera, J. A., Jr.; Dansberry, B. E.; Farmer, M. G.; and
Durham, M. H.: The Benchmark Aeroelastic Models Program - Description and
Highlights of Initial Tests, Paper No. 25 in AGARD-CP-507, "Transonic Unsteady
Aerodynamics and Aeroelasticity," March 1992. Presented at the 73rd Meeting of the
Structures and Materials Panel, San Diego, California, October 9-11, 1991. Also
available as NASA TM 104180, October 1991.

28. Edwards, J. W.: Current Status of Computational Methods for Transonic Unsteady
Aerodynamics and Aeroelastic Applications, Paper No. 1 in AGARD-CP-507, "Transonic
Unsteady Aerodynamics and Aeroelasticity," March 1992. Presented at the 73rd
Meeting of the Structures and Materials Panel, San Diego, California, October 9-11,
1991.

29. Edwards, J. W.: Technical Evaluation Report on 1991 Specialists' Meeting on
"Transonic Unsteady Aerodynamics and Aeroelasticity," Paper No. T in AGARD-CP-
507, "Transonic Unsteady Aerodynamics and Aeroelasticity," March 1992.

30. Edwards, J. W.: Transonic Shock Oscillations Calculated with Interacting Boundary
Layer Theory. Presented at the Aerospace Flutter and Dynamics Council Meeting,
Williamsburg, Virginia, April 30, 1992.

31. Hooker, J. R.; Batina, J. T.; and Williams, M. H.: Spatial and Temporal Adaptive
Procedures for the Unsteady Aerodynamic Analysis of Airfoils Using Unstructured
Meshes. Presented at the AIAA 10th Applied Aerodynamics Conference, Palo Alto,
California, June 22-24, 1992. AIAA Paper No. 92-2694. Also available as NASA TM
107635, July 1992.

32. Rausch, R. D.; Batina, J. T.; and Yang, H. T. Y.: Three-Dimensional Time-Marching
Aeroelastic Analyses Using an Unstructured-Grid Euler Method. Presented at the 33rd
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials
Conference, Dallas, Texas, April 13-15, 1992. AIAA Paper No. 92-2506. Also available
as NASA TM 107567, March 1992.

33. Silva, W. A.; and Bennett, R. M.: Investigation of the Aeroelastic Stability of the AFW
Wind-Tunnel Model Using CAP-TSD, Paper No. 20 in AGARD-CP-507, "Transonic
Unsteady Aerodynamics and Aeroelasticity," March 1992. Presented at the 73rd
Meeting of the Structures and Materials Panel, San Diego, California, October 9-11,
1991. Also avaialbe as NASA TM 104142, October 1991.

34. Silva, W. A.; and Bennett, R. M.: Further Investigations of the Aeroelastic Behavior of
the AFW Wind-Tunnel Model Using Transonic Small Disturbance Theory. Presented at
the AIAA Dynamics Specialists Conference, Dallas, Texas, April 16-17, 1992. AIAA
Paper No. 92-2082. Also available as NASA TM 107576, March 1992.
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35.

36.

Whitlow, W., Jr.: Unsteady Aerodynamics Branch Research Program Overview.
Presented at the Aerospace Flutter and Dynamics Council Meeting, Williamsburg,
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F.Y. 1993 PLANS

Configuration Aeroelasticity Br_,noh
(Pages 201-207)

Figure 82 summarizes accomplishments planned for F.Y. 1993 selected from the
Branch's broad based research program on dynamic and aeroelastic phenomena of aircraft
and rotorcraft. A large portion of this work is associated with wind-tunnel tests in the Langley
TDT with companion theoretical studies. Research studies are planned for both rotorcraft and
aircraft.

Testing related to aircraft aeroelasticity will include two cooperative programs with Cessna
and Gulfstream to study the flutter characteristics of a Citation X wing model and of a G-V wing
model in the TDT. Also, two joint studies are underway with Boeing/Seattle and General
Dynamic/Fort Worth. One involves a TDT test of a large transport type wing model to
investigate phenomena which cause limit cycle oscillations (LCO). Another study involves a
TDT test of a high performance fighter to evaluate the effects of free play on control surface
flutter. NASP Government Work Package studies include a full-span model for studying
fuselage flexibility effects on flutter in the TDT, a wing model for studying static divergence,
and a panel model for studying panel flutter. These last two models will be tested in the
Langley Supersonic Unitary Plan Wind Tunnel.

The Benchmark Models Program will continue with the design, fabrication, and testing of
a series of four instrumented rigid rectangular wing models. All models have two chords of
unsteady pressure instrumentation totaling 80 transducers to record unsteady pressures during
flutter. These rigid rectangular models are designed for testing on a flexible mount system with
pitch and plunge degrees of freedom. The first two models, one with a NACA 0012 airfoil and
the other a supercritcal airfoil SC(2)-0414, have been successfully tested with data reduction
and formal documentation underway. Fabrication of the third model, with a 64A010 airfoil, is

completed with instrumentation to follow. The fourth model, similar to the NACA 0012 model
but includes an active trailing edge control surface and two spoilers (upper and lower surface),

is ready to be tested. Two additional models of the High-Speed Civil Transport (HSCT) have
been added to the Benchmark Models Program. One model is relatively rigid and will be
tested both statically on a force balance and dynamically on a pitch and plunge mount. The
second is a flexible aeroelastically scaled model which will be tested up to flutter.

The rotorcraft aeroelasticity work will include testing of a Parametric Bearingless Hub
(PBH) using the Aeroelastic Rotor Experimental System (ARES) testbed. The BERP and the
HIMARCS Phase I blades have been tested successfully with data reduction and formal
documentation of results now underway. An automatic control for the ARES has been tested
successfully and will increase efficiency in all future ARES program testing. Development of
the ARES 1.5 and ARES 2 testbeds will continue with initial testing of the ARES 2 to take place
in the Helicopter Hover Facility. A rotating balance for the ARES testbeds has been fabricated

and will be integrated in future ARES tests. A third-generation hingeless rotor hub (AHRO-III)
has been designed and preparations are underway to begin fabrication. Fabrication will
continue on a set of optimized blades as part of the Langley rotorcraft optimization/validation
effort.
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The TDT facility operations group will immediately begin an engineering study to
determine candidate replacement heavy gases for use as a test medium in the TDT. The Data
Acquisition System at the TDT will be upgraded to larger and faster mainframes with integrated
workstations to meet the demanding current and future aeroelastic test requirements.

Highlights of proposed F.Y. 1993 research for the three technical areas of Aircraft
Aeroelasticity, Benchmark Models, and Rotorcraft Aeroelasticity are shown in figures 83
through 85.

Unsteady Aerodvnami_:_; Br_n(;:h
(Page 208)

Figure 86 outlines the F.Y. 1993 plans for the Unsteady Aerodynamics Branch (UAB).
Researchers will continue to enhance the capabilities of the CAP-TSD code, and UAB,
industry, and university researchers will apply the code to aeroelastic problems of national
interest in order to further define its range of accuracy. The enhancements will be an inverse
boundary layer method and validated flexible fuselage and flexible, swept vertical tail
capabilities. As part of this activity, the Branch will contract for programmer support of the
CAP-TSD code. Unsteady aerodynamic and aeroelastic response calculations will be
performed using solution procedures based on the Euler and Navier-Stokes equations. This
will include the validation of methods for predicting vortex-dominated and viscous-dominated
flows and for predicting the aeroelastic response phenomena characterized by such flows.
The solution procedures will be developed using structured grid, unstructured grid, and gridless
flow solvers. Correlations of computed results from UAB-developed codes with other
theoretical solutions and with experimental data will help to evaluate and validate the
computational methods. The Branch will continue to provide support for the Benchmark
Models Program by participating in wind-tunnel tests and providing pretest and post-test
computational analysis. UAB will serve as the lead organization for designing the high-speed
civil transport benchmark model.

Aeroservoelasticity Branch
(Pages 209-223)

Figure 87 lists the major tasks being pursued by the Aeroservoelasticity Branch in F.Y.
1993. In the Design Methodology area activities to design multirate, multifunction digital
controllers for flutter and gust loads control using advanced algorithms and unconventional
control surfaces will continue. Plans are to test these concepts on the Benchmark Active
Controls Testing (BACT) model in the Transonic Dynamics Tunnel during F.Y. 1993 and F.Y.
1994. The development of an integrated multidisciplinary design methodology (HiSAIR, High-
Speed Airframe Integration Research Project) will continue. The Branch objectives in this
effort are to include aeroelasticity and ASE in the preliminary design activity of flight vehicles.
In the Analysis Methodology and Applications area the focus of attention involves the use of
nonlinear transonic aerodynamics to improve ASE analysis and design methodologies.
Activities to develop a simulation laboratory for evaluating, in near-real time, the characteristics
of advanced control law designs as well as the functionality of the Branch's digital controllers
prior to wind-tunnel testing will continue. In addition, the Matched Filter Theory approach for
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predicting maximized and time-correlated gust loads for aircraft structural design purposes will
be applied to a realistic aircraft with nonlinear control system characteristics. Research is
continuing in the development of methods for predicting the aeroelastic characteristics of
tiltrotor aircraft and for applying extension-twist coupling for passively controlling blade twist to
improve the aerodynamic performance of tiltrotor aircraft. In the area of Adaptive Materials,
investigations will continue in extending adaptive materials technology for aeroelastic and ASE
applications. Areas to be emphasized include: wing flutter suppression using both
piezoelectric actuators and a conventional aerodynamic control surface; panel flutter
suppression using shape memory alloys; the use of neural networks for providing adaptive,
reconfigurable, flutter suppression when many smart material actuators are used; and the use
of smart material actuators to improve the aerodynamic characteristics of airfoils.

Selected highlights of ongoing F.Y. 1993 research are shown in figures 88 through 94.

Landing and Impact Dynamics Branch
(Page 224)

During F.Y. 1993 a major focused technology activity in the area of landing dynamics will
be the development of advanced active control landing gear concepts for HSCT applications.
Components of this activity include in-house research on a smart orifice concept using F-106
landing gear hardware, a grant activity to study the characteristics of electrorhelogical fluids for
possible applications to active control landing gear technology, and a contract activity to
develop analysis tools for active control landing gear studies. A shaker table that serves as a
runway simulator for the active control landing gear studies will be installed and checked out in
F.Y. 93. The smooth runway testing of the H-Type 46 x 18-20 bias-ply and radial-belted
aircraft tires for the Surface Traction and Radial Tire (START) Program on ALDF will be
completed this year following rolling tire footprint force measurements on three tire sizes.
Additional testing on ALDF will evaluate the friction characteristics of bias-ply and radial-belted
F-4 main gear tires, define the friction characteristics of several paver block concepts,
determine the frictional characteristics of aircraft de-icer fluid contamination of runway
surfaces, and investigate the friction performance of various tire sizes and constructions on
grooved concrete surfaces. The Branch tire modeling activities will continue with the
development of advanced frictional contact algorithms. Figure 95 lists the areas of continuing
research activities in landing dynamics for F.Y. 1993.

The major focused technology activity in the impact dynamics area is associated with
the Advanced Composite Technology (ACT) Program. In this area a task assignment contract
will provide composite test specimens for nondestructive and crash tests. A design support
test effort will be completed to provide an energy absorbing general aviation subfloor concept.
The concept will be fabricated and installed in a fuselage section and eventually in a Lear Fan
airplane. Strength scaling studies of composite structures using a ply scaling approach and
failure studies with composite fuselage frames will be completed.
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Spacecraft Dynamics Branch
(Page 225)

For F.Y. 1993, the Spacecraft Dynamics Branch will conduct focused technology
development and base research along three lines (fig. 96). In the focus technology area of
Controls-Structures Interaction (CSI), the CSI Phase-2 Evolutionary Model will be installed in
the Space Structures Research Laboratory and used to validate integrated controls-structure
methods addressing multi-body dynamics issues. The Phase-2 Model has slightly different
geometric configuration from the Phase-0 and -1 Models. At one end of the main truss a
double gimbal payload scanning system is mounted and at the other end of the main truss two
double gimbal pointing payloads are located. In this configuration, CSI control methodologies
associated with scanning and pointing are tested and validated. Following this Phase-2
testing, the model will be evolved to a Phase-2a configuration by the addition of a solar array
mast simulator, for which the principle mass moment of inertia is nearly doubled. The
technology development will address the resulting instability complications associated with the
coupling of the attitude control system with the lower flexible mast modes and examine optimal
placement of actuators to achieve acceptable stability margins and performance.

For the Mission Dynamics focus technology area, the use of dynamically scaled structural
models of large spacecraft will be further developed. Component and subsystem modal test
data for the erectable truss model will be used to validate component mode synthesis analysis
methods. Scale model redesign studies will be finalized to reflect the actual Space Station
Freedom structural change from an erectable truss to a pre-integrated truss with risk reduction
producability. The value of an on-orbit SSF dynamic test for the purposes of verification will be
investigated resulting in an experimental requirement and plan.

Base research for F.Y. 1993 will emphasize the development of recursive and frequency
domain versions of the Observer/Kalman Filter Identification (OKID) method for system
identification resulting in a MATLAB toolbox. On-line implementation of the method for use in
adaptive control studies is the key objective. A new seven degree-of-freedom flexible
manipulator testbed is now on-line and initial testing of a stiff test article has begun leading to
the installation of the flexible modifications in the fourth quarter. The two-dimensional large
motion suspension device required to support the flexible article will also be installed in the
fourth quarter. The development of neural network methodology to perform the nonlinear
kinematic control will be investigated.

Interdisciplinary Research Office
(Page 226)

During F.Y. 1993 the emphasis of the research will be on applying and validating
integrated multidisciplinary optimization methods for two applications (fig. 97): high-speed
aircraft and rotorcraft. In the high-speed aircraft area, Interdisciplinary Research Office
researchers will participate in two Langley projects: HiSAIR for optimization of an aircraft
design for optimum performance, and HPCCP for developing innovative computational support
for engineering design based on heterogeneous computer networks. Near-term work in both
projects involves integrating aerodynamics, structures, and performance in the design process.
In the rotorcraft activity, emphasis will continue on developing and testing a fully integrated
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aerodynamic-dynamic-structural optimization procedure for helicopter rotor blades and a
comprehensive validation activity for rotorcraft optimization methods in which analytically
designed blades will be fabricated and tested to assess optimality and behavior of the designs.

CONCLUDING REMARKS

This publication documents the F.Y. 1992 accomplishments, research, and technology
highlights and F.Y. 1993 plans for the Structural Dynamics Division.

31



32



_<
,-, E.._<

_ !,.<-.<< _ _

,., <==_,+

I.Ll

-r-

,,:l: I- I--I-- _ C::::3U..l

_=_,,, m,.. ___ mz<'._
,-,--,- ,.,,o r- ,- +<_ +I-->. . ,,,:I: _ (/.) (/)

<I:i- .(/) -"'7, <: ',=: C::3m ...u') ','- _
_r-_ o_0 oo"''" _ _'; z

z_. -- _ o w ,,, z< _" E" _ :S
0 "_rr_u.I7 co <: <[: t3Z co

omQo+<m o o• <,.-,'+< _: <
Z>"

=m <'" = F-o

m

o ,,,,,.m <,,..;ram+ m
+ram ,.,,m_._= = _ .+ =o

m_=: _ =, -_" =, _" < P..r..,=""'= " > < _ _,,<,"'-'o,,,m_ = _o
(I)13 ,m

0 _ _ _ _.
LUll. I-- U,,I

1- <{ >

,_ < _ _ =o
+. m,=,+ +

,., _, <+ :+ _
<I:::LU ___m

_z _, ,,. __ o _ < _. _ _o _-_.
:>n-_-, = o) I--

<_ <'.'-'<+ = -_: + _,,,_o
< m z,,, :s

33



Z
O

34



I

35



THIS PAGE INTENTIONALLY LEFT BLANK

36



I

,¢¢
Iz:

(3
rr-

o_

PREtEDING PAC_ BLANK NOT FILME_

37



THIS PAGE INTENTIONALLY LEFT BLANK

38



_ =__ X

_, _ 0

_'--'0
_Xo

0 "N-_

_ mi=°,,, z _

, 0 _=,=__

¢,"

L.

'RE-_IED!NG PPlGE BLANK NOT FILMED 39



om

4O



41

o_



y,..

.ml

42



ZI

43



t._.

tm

44



I-..

U_

Q:

I:I:
....I
LU
Cl

ILl

q_

ILl
...I

:E

II I-.

U.

.Cl

LI.

C:)
C_

_r

irll

0.'0

_D •

m o

m iz

N

C

m
E

0

-_i _ _Jt_
t

\ -1
\ J

I

0

I

I

L_
=

o_

45



L.

,u

46



ii!iiiiiiii!iiii

iI

47



w,=l

L.
==

,m

48



0

l=

_)

4g



L.

*m

5O



0

II

I!

iiiiiii iii i I iiii i i i tl

51



¢.q

¢g
L.

om

52



.,.i -..1

53

I

J_

_a
!_

lu

ORIGINAL PAGE

BLACK AND WHITE PHOTO(_R_p_I



e_

I,,,

54



.o

m_

In

.__

55



o_.._

o
,..el

_J

0
o
o

.8

g

N

"_

r_

_._

g_

1°

o<

E-

ao

0 I-.

_ ,.,...,

_._

._

<_

_I _,

_-I_

L.

e_

56



t..

57
ORIGINAL PAGE

I]IL_CK AND WHITE Pt--f.QTOQ, R/_'P,H



t--

,m

58



59



V

0.-'_

0 ;;h

_o

o 0

s_

0

o
_u

G_
_._

L.

em

60



Lu

Lu

{,0

E

0
T-m

0O

C_

0

t£} 0 L_ 0

-0

L_ 0

v_

LI

im

61



THIS PAGE INTENTIONALLY LEFT BLANK

62



-i_

_ _'It'_ _ .C,._ i P _

m
o

1

U.

_m
mC

O=

t_

_0

63
PRE_DIN,3 p_ BLANK _OT P'i_._

i



H _

HH_

:H::

64

.,-
._o_

o ,,>-

_ce-

>.QX

_._.._

_ 0

0 _

"N 0

°" _°'!

.__ w _

_.__ 0

" e

.°.,

2

o _o

g.

&

=<

_e

N_

$
.::::

=
Im



65

0

"_

_.""

2
0

0 N
•.-N _

•_ _

_'_

W 0 "___
c¢}.-- _

Ilk ,_ _



>.1_.

>-
n- u.
0
u._
_u.I
u.I a
¢n0
"eL)
rn (,0

,,>"

,,=, ,,>-

,,,¢.2_
u._

o_ _ ,,=,,>-

H H

H

m
H

_:_i:ii:i_
m

E_o

O
O

O m A

O'Oa.

_mo

z

.N_._

.-fflO

x

66



o< ,,>"

n-rr<_ o::)LU

o

on-d__ _ ">

oo

4

!!!!!ii_il;

i!!i!ii!_:!_

i

r- _) "--

>.QX

_-
0°_ _

0

e

._C _)

E

O) 0

--_lJ.

E_SE

w_

.___,_

N_ 2

-- • <

=

67



o

0

_ I,i.i
_o

._._

e_

"t_ _

_.,._

...-I

0

"° ,_

'._1_'.
__ _

_._

C_9

_._._,
<
0

_._
.88 _
° ""_ 0

_'_ _.._._

_ _-_._

_'_- -

0

_ g
e_ e_

_._

o0

_._

68



f.

_D

69



70



_o

L

og_

7_



=
.m

72



LI,.
L_

!

¢.

73



eq
e_

¢#
tl

.m

74



,,12

ru

ol.i

75



e_
P,i

L.

¢>JO
.m

76



0

• 77



78



q_

su

am

79



Z

0

r_

.1

Z

.=._

o
L.

im

8O



em

81



i_

82



8

Z

©

Z
0

oO

X

X

o _

0 II

o

o

II

II

c5
II

8

83

lU



THIS PAGE INTENTIONALLY LEFT BLANK

84



r:
eq

t_

PREeEDING PAGE BLANK NOT FILMF.£)

85



4

4

86

'g__

/8

._°

_u._.

e_

-1- "g N

m

_'i5_

,,_g.

_NO

•._ ,- e-



,,>

,4

87

4

4

,,>-

-§

,,>-

z __

m



l'q

t_.

88



oo.

e- C

X _

3_

8_

J° °m m

o d = 2

k3N_ o.o
_ol E_.

"0_ _1 O0
I... urnl
o___1 oo

o I _>_.'_

89

L

om



L.

.m

9O



91



Q;
L

.m

92



L

93



[..

_Q

Q.

(.;

Z

(.,;

[-
t_

_Q
0

t_

Z

Z

_Q

0

Z
0

[..

0

t_

[..

Q.

0

.<

o

i

0

"0

"_ o

0 0

_'o_

o.

0

o

O0

o_._

i

eq

.m

94



i,,,,,

,m



t_

om

96



coo

u.
r_r_
,,IZ

_0
W_J

.J

o ._ _ _
0 e- _

0.. -- 0 --,I --I
0 "0 (.3-- --
0 O) __ 0 0

o "1o o o _-

o _ _ "_o o
0 _-

o _ _
_o _ " O'rO80c o'_ _

Cl

0
000
Z D

F-Z _-

E

t)
o

c-

O o

Ill
n-

m

>-
-J

Z

"_-E o

,!

o o o

o o
LO

•- _: 0 0

L

om

97



<

_o_'N

o

N._ _,_ _

_=eg

•_ _ _

_ ,._ ._•_o_ "_

_._ _

_oo.=e .=

o.,-, _ N

•_i _, _ 0

_,_ ..

,m

98



g

0

P_
ill

il,

99



_a
i_

lO0



a.

l
|
|

101

Im



Z
0

Z
0
%;

0

Z

0

0

0

0

%)
o,-_

c/)
0

>,

<2

%)

.'-_c.)

u_

0

c_
i

0S

0

0

0

o

.,.,

c_

0
0
>

2

O_
0

t_

102



103



104



105



106



;-e DCDO _ - o°

e _ _ _ c _ _

r1
_ + . _o,V" _o(..) (/) ..4 ,,._

_ _ _ _+' <- <-_..,. _> <,> .. _, + .-" ._:a_ _:I>-
"o ._
o __ "-: J g E_ [] o_I ,

--o '-':',o , - g_i <" iL, / _- II

o o ,-<i> , lid o°

,l_ _ I On .

_6 ._i <_t _
_rl =l I<-,, ,-, I _

a>i ii ,'-I J

_>1 [] |

oi °o
t'O 0,) o) I I I I I

_E_ _ _ _ _- o

w < [,,+< "-'-=
o

• " +1 5`

.,_ + + _ o _N _ "_

e g"-0 n _

.___i -_ ,a :_ g
1--09 o _ oo ,-.- "....... _ ,L---J

0 _ -'- 0o
o c_ _-

107



108



i

t.-_
,,...m

i

h'-'g

a

w

n_

113

L

o_

109

ORIGINAL PAGIE IS

OF POOR QUALITY



mlP

I.,,
m

,u

[,z.,

110



_m ".-'_ '- _o
,1 -- ._, 12. 0 r_--

g _, _,._ _ .o_._

_o • _,,_.I [] []

E |iiiiiii::ii_-;.iii::..'.:i::]iigg_ii::_ii._'..;..iiiii_til::i::_iigii::ii_i::::i::::ii;::::i::iii::#::ili::iig::!l

0 ,_:3 |.:`_iii(_ii::i_ii_!::_`._ii!i_!i::ii_g::_i.%I!iii:.::ii_i::``_.i_!::::?!!i::::iii!::::!i!::!iiii::i::_::i::i::]__

111



2
0

¢,,)._

¢,)

.9_.o

=8

.._

"-_

od

o
e_
o

x

i!

m_

112



_o

=,_

"T",,:X:

i

e-,

O.

o

i

C

O.

"0
0

o

°l

113



THIS PAGE INTENTIONALLY LEFT BLANK

114



PREilEDtNG P/IGE BLANK NOT FILME_
115



c

_0

oo_E

m_
_m

o_
_,_

g _

g_
m_

Q _ _:iii:?ii:

i:i

c ffl

._. "_
I-' 0

_-_
_'.-
t-U=

e-

_._

_ •
"r=.) _

go

"g:,_

go



m

t.4

_= o

,.._ o=
(..1

ii,

C
o,., ,,>-I,} _"

0
(/)0

2 o
=.o oo

_ 'u ..,.E,.

!-

8-8,,- t.9,
--I,
,,=

m

¢" I'--
O_

c_u_ L_

C 0

117



c_
t_

c.)
c_

.9.o
r._

c_

P_

c_

¢.)

o

¢.) c_

_o

T_

0.)

0

_E
X 0

o 0

il

I.

.m

118



li_¢_ o od o o \

,rllZ " o -- | :
._ , LL OlJ ,

LI...I ®_ co _, I:_

_0__ .__ ,
¢) "E

_.Z ,.,,,.,.,.,.,.,.,.

"_ o 88 888 o oo

uJ_

a.O
LU.-I
_-r

--0
_rr'

rr'_
:::)Z
I--:3
om
:3 I--
m z
!--iii
mZ
LUO

U

"0

0
--I

,,-r_

m
iI

LI.

_.- 0
0

o- .--_\

_ , ",,_ \
_" _,-->',, \

LL -,

o , \o _ ",

,, ----_
0

0

0

o
0

6£

°.o_1
!._

0

0

0

o

o_
I • I , I I • I , | •

o o o 8 8 8 8_7
0 0 0
0 0 0 0 0 0 0

|m

(0
IL

119

t_

Im



120



0
Or)

L_

8

_-a)

"_o

g
O

E_

Z

O e-

Z

('0 ',_"0

l"-.00
000

odo

1.0 "_1" 0
(0 .,- gO
.,,-cOCO
0,.I C_l CXl

000

._-- 04 cO

¢/)
_)

0
c

m

m

d_

e"

X
O

O
f-

O

_5

U.I
4=

121



.m

122



:i:i:!:i:!:i

_:_::::::::::::::

L

=qO
al

123



_a
L.
=1

.il

124



LLI

8++
z<

o,m

.ml l'J" ::_

III III :::)
:E rr'

.m

o,

_o
IL

, , , , , , , , , , ,

,,X
'+' i

,,,Q ! ..4..........I% ..........,+,.........."..'+.,...........+..................

m i O) • ...._ : i
_. : m,,. 'I i : : O)
O1 ! "I ;,L+,,.. : : +

.+ = i r/ i.+_..,i,i i _'_.... i +: .+_- + ......... t-

._ + ,..+ ,... + ",, + ®

•_+ p:, + + _+ + +
") ,,, ,- "t+ ) c
Or, + Q : :,.-+ + ._ +_,.. + ._
=++ _ o -: "_ +

)
-+ :l "_........ _ .......... _ _ !........ "__i ............. '....

_ : :. m • _ +"

: I_. _" _ : :_

-- .i ........ O .......... --I ,m _............. t...._..- --.

+yl , !,,t ®
I ) ...,_,...=........... .r" E

0 0 0 0 0 0 0
0 0 0 0 0 0 0

_r

o

o

ut/ql 'qlOue'l $!un/peo'l

)+++iiEESEliEl+EiS_!ii!!iii)Ei_:i+iiiE

12.
(n

_=
<1

l--
.m

4)
E
4)
U

m

D.
(n
m

I0

r,
u)
=3
I._

(J

r--
,e:m.

L.

,ml

125



I.,

Im

126



oi
1/)

'L

_w
GO I I 1 I I 1 1 I

°_ .

Z "= _

o"_
0"_

oI

L-

al, B
@

¢.0
I

I

I

127



128



-

T-"

0

L

129



,u

130



131



,m

132



133

oO

0

hl,



THIS PAGE INTENTIONALLY LEFT BLANK

134



Z
uJ L.

=1

ol

_I)ING PAGE BLANK NOT FILMED
135



II

t....
==

136



o_

a_ •

°_._
>A-

_._ __.
_o_ _

•_ __

m

_.>_

_. I.- II1

__ e-

_ •

o

_.9

1

._._ x >.,

o

137



m
m

0 >,
Z(/)

_),1:

m

_ _ _°
"_'_ o'*" '0

,E_ <,,>- ,_a

7
__ ,

-_._ _ _ ®_=

•_o'_ o_o._

L

138



THIS PAGE INTENTIONALLY LEFT BLANK

139



,--t

Ii

140

PIRE'_EtD_NGPPlGE BLANK NOT FILMIF_



U

o

0

L.

141



.m

142



.J
0
rr

0

|

0
m

rr o
UJ

rr oim

Xrr w
0 _

0

E
|m

U_

I I

0

0

0 0 0 0 0

I I
0

0

0

_r_
|

im

143



=

eI

144



r7
W
£I.
©
_J
W

uJ
r7
I-
ci.
wn--

Z0")
©T-
O w
t--- 0")
D<
rr

m

rr
b-
cO
0

w
Z

<

0
0

0
m

0
C
t-
O
0

t-
o
0
0
(U
c0

"0
0
O.
0
0
>
0
r7

t-
O
>

°_

"0

"0
m

0
°_

0

0
C

0
0
>
0

"0

0

0
0
0
0
N

0

"0
(D

O.
E
0
0

v

(I.)

0
>

0

0

0
0.

0
_.i

0
C
0
0

0
c-
O
cO

0
>
c-
O
0
>.,

0
(-.
0

0

0

el.

t-
O

0

O.
0.

0
0
t-

a

m

0

E
r-

c
o

(.-

I

@

o_

145



146



L-

om

147



L.

148



ew!14ee1:l .._

JellOJ|UOOe'lIE'J_)::::::::::::::::::::::: _I _0 _

"_'_ I > .

i

0
I,I
,.i,.i
c
0
0

.,i

149



I.
=

ol

150



p.

0

<:

Z:

.J

0
m

F-
n-
l.IJ
>

i i i r l i

o o o _ o
o o

o _

X

°i
o

o

o

.Q

L

mU

A

LIJ(/)
I--

151



L.

=

em

152



153



154

=._.

,i



155
ORIGINAL PAOE tS

OF POOR QUALITY



E

156



_J
Ill
CI
0
:E
Z
0
iii

!I
<I:
I--
or)
Ill
0
<(

(/)

n,"
04

0
m

!---
<1:
iI
U.I
n"
n-
O
0

m

(/)
>-
-.I
<I:
Z
<(
I.--
(/)
U.I
II

Z
0
u

,,¢
¢3.

0
U

)-
U
Z
LI.I

CY
1.1.1

LI.

0
OlD

OF POL_i :_, QU,LITY

Ii-

,, I

:E
I.J.J
LI.

8

-o
EL

C)

LL

:. :>

I-- i-

r-iN

,=,,
L4-

.I..a

E
¢1

v;
>

¢}
I--

0
I.r)

0 (i)
(Y3

I
|

I

i--

0
C,J

_0_3 %

157

r"'

l i

m

!

1 m

J

m.". =,,_

._J

i

P

) .,
[]

m

3

0 o

0

rr"

-r

o

"T

,,q,-

CM

o

'--,5
o'_ z

CO w
r_

r..- 0

it,)

,q,-

or)

(.,,j

eJ_



,.,4.

=

,m

158



.u

Q •

159



,J:=

o_ _'_

o,,_ o._

"o._ = °

,_,_ • ._,

_ _ ._

,, E

+._'-" "_ e- %)

.-_ ,-. "_0_

_ _a_0_

_e e_

L-

160



C_
LU

<
m

m

Z
m

LU,,I Z

WW _

m

U.
CO LU
CO DC

O.

.0

L

161



f,.

162



_a

I

L--

163



t,.

164



>-
i-ra
..I
m

00
m

LU
!1

LU
i-
_l-
0cm
I--LU
ml--
Z-J
O_

a_
fill--

O_
m

_0

jZ
_0
:Eu..

>-
rt-
0

a_
O0

Z

.J

O_
I.UO:
m(D
mO
U.loc
Ira.

Om
_LU
ml--
LUll

m=:)
_-o

0-1-
I-(0
0::)
'_0
n" i:i:
0..1-

I-

165

L

_C
o_



L.

ei

166



a
u,J0_

Z.A
LUD

LULU
.ART"

LUg:
OC_J
_LU
C_OC
LUn"
oO
Oo

n._

..1

oZ

al-.

n-'_l
_ll--
w_
oO
0"

.J
_LU
OOa
LU0
_--_

/

%

I.-. C3
o_LU

LU o_

co / "0

i
I ___ld--I _1_I _.3ILJ,,:

,

F--
Z _

,,,,,,__,o
nil

r_c_

cko

_5

rr
rr

>- 0--0

inl

0
frl

iii
r_"
ii

U.l
rr
D
b-
0

rr
F-
00

09
09

<>
Z
W
H-

__0_ _

_0000_ _.0000__
ooooooo_ o

__ 0

000_

W

0

I

0

O_

0
Z

,m

167



I_
=

Q_

168



a
iii
z
m

n-'
UJ
I--
iii
a

>.
I"
mlllll

,..I
m

n"l

C/)

ILl .._ ¢:::
u. _o

CU
s._

s._

m

0

169

_L'_

on"

,,o

OO

L.



I,,,

*m

170



Or_

r_
WW
_jm
tn_

i_

0

"U
um

mm

Q_
t_

_JD
,m

171



172

I",,,,-

t_

_D
o_



CJ

0

L. m

L

_N

173



IJJ
i-

n-
l-
t_
z
0

ILl

Z
0
m

I-

0
m

I,L
m

I-
Z
ILl

IJ,I
Z
m

--I
I

Z
0

0
Z
m

--I
0

I-
Z
0
0

I

I--
_L

a

174



_0

o
0

0 i8

0

o

io
i

• • •

Iml

175



THIS PAGE INTENTIONALLY LEFT BLANK

176



W _

I,,I.ti

I

_.,,I

r_
m

a

UJ

Z

©

E

! i_

Im

PREtEDING PAGE BLANK NOT FIt ME/_

._' :/' ., ': • . o .

177



THIS PAGE INTENTIONALLY LEFT BLANK

178



_t

r,,-

L.

I,ml

[.T.

179



£-o,
(/)
LU>-

)--

m

o- u.
z 0
0 a.
(/) cO
LU Z

F- > _-
m _ u.
o a
w or) u.I
I-- w w

a: F- m

0 m -r >.

m

.°.

.o.

.o.
i
.o,

.°,

-.....-_

o,,

o,,

.... C

....
•.. _.__

°°"°'" O

o..

• " OE

o..

°.,

i°..

!...

'''.

i'.'.'," _
ii.i.;.i

i....

I,'..'. _ co
o

i...
i....
i°,°
i....
t.,.

L

-i

180



ummmmmmm

O.

r_

__ 0

" "+' '> •
a

,'.L",

..,

W
°.

°,
°°.

mE-o

_. _-_-

C

,..0 0

_o

om

x. _-

_ _ m _

_ o ._ .__g

__

_'_ _

im

181



Q_

=I
.m
;,T.,

182



"O

O
_!

im

_o

O

O
N '4--

E
|m

O

0
0

.(D

t-

183

@ @



I"-

b_
,m

[.T,,

184



(/')

O_o
I--!-
_0

L.

,m

185



186



187

iiiiiiiiiiiiiiiiiiiiii

iii_ii!iiiiii!i
:::::::::_::

ili!_,_i_'__,
i!;iiiiiii

:::::::::::::
:,:.:.:.:.:.:

.__



_a
I_
=

iI.U

188



ra_

Z

[..,
r._
ra_

[.,

[..,_

ZO

Z_

_[..,

_Z

[..._
r,.) .,_

r.l,l
r,.)_

.t

Z
0
r,.)

iiiiiiti/ilii!iiiil

ffl

o
k_

f-
o
U

........... r;r:_;

>
.I

¢0 i
>
k-

i

¢-_
o

I

(,.9

189

¢,..

L

ii=



L
:=

..ii

190



0

--I

_w

m

z_

I_ I-
11
n

0
I-

..0

0
°_

4_w

_._ ._o
a. _
_ ci- > iT <

:+:+:+:+:.:.:+:.:_:.:.:.:_:.>:_::.7:+:+:.:+:.:+:.:.>:.:_:`:.:+:.:+:::+:+:.:+:+:+:+:::+:.:+:+::+:.:+:.:+:.:+:.:+:+::_+:.7:.:+:+:+:+:_::::+:.:_:

iiiii_i_i_iiiii!!!_iiiiiii_iii_:!:_:i!i!i_i!i!_!_i_iJ_ii!i!i!i:i._:i:i!i!i!i!i_i_!i_i_i!i_!i_i_i:_:i:i:i!i_i_i!_!_!!i_i_i_i!_!i!i:i:_:_:_:i!i!i!i!i!i!i!i!i!_!i!i!i!i!i!i:_i!iiiiiii_iiiii

iiii!iiiiiiiiiiiiii!iiiiiiiiiiiiiiiiiiiiiiii'_ii_!i!iiiiii!ii_iiiiiiii!ili_ii!iii!iiiiiiii%il_ii!iiii_iiiiiiiiiiiiiiiiii!iiiiiiiiiiiiiii!ili_iii iiili_!iiiiiiii

i!ii_iiiiiii!i_i!ii_i_iiiiiii_!i_i!iiiiiii!i!ii_!_!_i_!_iiiiii!iiii_!_i_i!iii!i!i!i!i_iiii!_ii!i!iiiiiii_!i_i!ii_iiiiii_i!iiiii_iii_ii!iiii!i!_iiii_iii!_i_i_i_iiii_!i_iii!iiiii_iiiii!i_!

Im

191



L

.ml

192



i!1 0

I " : : ; ; ! : :

ooo0oo8oo0__o_ o

,.l:

193



[-,

Z

C_

[.r.]
Z

Z

[.z.]
[,.

0
r_

0
[..
0

0
[.z.]

Z
.,<

0

r.r.]

P-,,,4

Z

0
C_

0

0

_o =

,6
C_
v_

©
[.-,

194

_1)



CO
v

nene

z

rr(.9
0 v

I
I

7-"

11
!-_

!

li l/_

W

0

__'_ :3 0

g o ::.,s_: .o

oo
0

0 r_ " " " " L)" • • "

L

tmm

195



lu

196



THIS PAGE INTENTIONALLY LEFT BLANK

....,; . _'_ , _, ,,_" _.,._

197



¢1

_a
L
==

.,=u

198

PR'LIOIEt:NI_G P/IGE BLANK NOT FItME_



0
m

m

1.1..Io
W !.!.1

rt"

m

0 !.. a-

m

E
"_ E

c _ o
C_ _ Z

199

Or)

m
I..L
n

I.L
I'-"

cf_

Q..

E

¢10

f._



Z

r,/3

r_

1=

t_

,.Q

0

¢LO

i_ ;>-.

O

o O

200



=

o _

im

U.

201



e_

e_

L.

.m

202



u)
LU
m

a
::)
i-
u)
o
m

u_
<[
rn

k.

uJ
m

::)

(n
uJ
0
Z
,<

<[
uJ
.J

203



!_.

.111

#,,,

204



_J
L.

o_

205



c_

w_
QO

Q;
I,.

206



,,,J
ILl
0

I-,,,

I III II̧

o 0 m"

o o
n- n- o

<

I .......... t

w

0

OIL,
Z,_

]

z
121

,0

tm

207



L

om

2O8



° _ .° ° ° ° .° .° .° _ ._

m

p.

_m

.i1.

2O9



[,.
ra_

Z

I=,,=1

;.d

;,T.,,
0

[...
==
0

=.,

Z

r..j

==

Z

;;,,,,,

Z
Iii

,-]

r.j

r._

[.-

r.,d

t._.

Im

210



0')

r_

211



212



L



t_

214



0
I,LI
==1
a..

0
0

I

I.-
t_
m

O

LULU

X_ o_>,

LU..I co!
zm

•_- _) 70

D_

f-
°_

E

._.1

•w!puou 'uo!sumxe 1!un Jed IS!M.L

215



=

216



UJ
O3
Z
0
0.

._J
UJ

Z
Z

U.I

I_0 a
0

-J z
III Z

O h-
|

N a
ILl z

O3
Z
O

n-

O3
Z
O

LU
a

LU
F-

_9

_c_ _'_-- _ _"
=....¢:_ -_

: -a,._ _:
: ''_x.I

I I

E"

E

Z

e-
(.)

I L

217



C_

L.

om

218





.111

220



m

az
0

m,._

221



im

222



¢-
0

°_

(,o
c'-

Q.
x

UJ

A

223



D_

• • • • • •

m

*mm

L

L
*mm

E
_u
*mm

m

<too

m

0
.mm

Dmm

E

m

.=.

224



_<

.,<--

r,,T-I

.,<

0
im

L--

rj_

i._

|

0
i_

0
r_

• ._

• :"

"" ._ "

N

"0

"0

J

i

E
.m

im

om

m

=

E
m

.m

m

E _
-- _ _-• • ,ml

J.m •

L.
•,_ "_ _ ==,

,=_ _ I=

"0 _= I= *_ *--

I I _ I I

E

C/O

.m

m

Jm

fill

ii

J

elu

,i_ ¢i)

_- E

o_

__ ,- E

E E

,i, lu

o_

o_

'_ _ .--

¢q I=. _ £=

i.

_b
°_

225



1 1 _l_ 1 1 1 _l_ 1 1

• • Q

L

226



Form A_wOved

REPORT DOCUMENTATION PAGE o,w _. o_-o,u
• i

P_d_( _i._j i=_arde_ I0_' th_$ ¢c4te_o_ o_ _ntormitto_ _ _,lmate4 'O 8vt_aqe 1 l'_our _ re%oof_.e. _i_ the tlme for tevle_.r1_ i_ilr_<'t)O_1_ _lIr(lh._ exrstlh 9 dora ,._*r_r'.,.

gat_e_ ar_ m_t4mm_ The d4ta necked, and cO_ptet_r_ 4rid rev_...v.i_j the c041e<l_on of mfo_mat_ Send c o_ment_ ,¢N_Irdlh,j th_S k_atd4m (_tlmote Or 4_y ot_e_ at_Kt 04 thtS
CC4k'Cl_O_ Ot _nfcwmat_o_. it_ludl_<j _t_n_ ,or _t,d_clr_ th_ Durd_en tO Wm_n_to_ HeedQulrTe_ _4Fr_ce_. Otre('tOfl_t, _Or _fC_matK_ Op_lt_ _n_ AepO_t_. 1215 14411frSO_
DdfvfS _hwBy. SUit, | _4. Af|IP_O_. VA _2 4_. 8N 'O |_ O_qKf Of Mdlfqig_q14_ 4ft_ et_k_. Pl_rv#ofk _)04_ _rO_'_ {0_F0d_0 1_). WmiF_O4q. IX _03.

1. AGENCY USE ONLY (Leave blank) _ 2. REPORT DATE [3. REPORT TYPE AND DATES COVERED

I Januar_ 1993 TECHNICAL MEMORANDUM

14. TITLE AND SUBTITLE S. FUNDING NUMBERS

Structural Dynamics Division Research and Technology

Accomplishments for F.Y. 1992 and Plans for F.Y. 1993

6. AUTHOR(S)

Eleanor C. W'ynne

7. PEP,_ORM_NG ORGANIZATION NAME(S) AND ADDRESSES)

NASA Langley Research Center

Hampton, VA 23681-0001

9. SPONSORING/MONITORING AGENCY NAME(S) AND AOORESS(ES)

National Aeronautics and Space Administration

Washington, DC 20546-0001

505-63-50-13

|." PERFORMING ORGANIZATION
REPORT NUMBER

10, SPONSORING I MONITORING
AGENCY REPORT NUMBER

NASA TM-107713

11. SUPPt.EMENTARY NOTES

12a. DISTNBUTION/AVAUBN.ITYSTATEMENT

Unclassified - Unlimited

Subject Category 02

12b. DISTRIBUTION CODE

13. AIISTIqACT (Maximum 200 wordS)

The purpose of this paper is to present the Structural Dynamics Division's research

accomplishments for F.Y. 1992 and research plans for F.Y. 1993. The work under each

Branch (technical area) is described in terms of highlights of accomplishments

during the past year and highlights of plans for the current year as they relate to

5-year plans for each technical area. This information will be useful in program

coordination with other government organizations and industry in areas of mutual

interest.

,i

14. SUI_ECT TERMS

Accomplishments; research plans; aeroelasticity; dynamics

17. SECURITY CLASSIFICATION
OF REPORT

Unclassified

NSN 7540-01 -d_60-SS00

111, SECURITY CLASSIFICATION
OF THIS PAGE

Unclassified

1tl, SECURITY CLASSWICATION
OF ABSTRACT

|S. NUMBER OF PAGES

16. PRICE CODE

All
20. LIMITATION {)1_ABSTRACT

Standard Form 298 (Rev 2-89)
Pr_crdO_d _ AN_ S_ _JM)-IIJ
_9q1,_02

N ASA-I,angley, 1993




